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FOREWORD

This report, prepared by Martin Marietta Denver Aerospace, is submitted
to the NASA Langley Research Center, Antenna and Microwave Research
Branch, in response to Contract NAS1-18016, Near-Field Testing of the
15-Meter Model of the Hoop Column Antenna, CDRL Line Item I.D. This

report covers only the contract add-on for Near-Field Testing of the
S5-Meter Model of the Tetrahedral Truss Antenna.
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1.0

INTRODUCTION

On February 3, 1986, the Martin Marietta Denver Aerospace Near-Field
Test Laboratory (NFTL) began a series of tests on the General Dynamics
Corporation (GDC) 5-Meter Tetrahedral Truss Antenna for NASA Langley
Research Center (LaRC) as an add-on task to NASA Contract NAS1-18016,
For the new task, NASA LaRC provided the same set of feeds used in
testing the 15-Meter Hoop Column Antenna earlier under the contract
(Refs 1,2,3). The tests performed with these feeds used four frequen-
cles: 2.27, 4.26, 7.73, and 11.60 GHz. Because the antenna was in-
stalled in the NFTL under a separate contract between Martin Marietta
and General Dynamics, no deployment or dismantling activities were per-
formed for the add-on task; only feed installation and testing were
performed.

The goals of this task included establishing reflector performance
throughout the microwave frequency band, taking metric camera and
theodolite measurements of the surface, and performing complete analy-
sis of the electrical data. This analysis summarized the limiting
errors in the measurements and isolated major sources of antenna per—
formance degradation. The analysis helped to isolate the effects that
exclusively depended on the specific feed tested, the effects that de-
pended on frequency, and the effects that were controlled by the system
accuracy. The following report covers the results of this detailed

analysis of the electrical properties of the 5-Meter Tetrahedral Truss
Antenna.

The final report is composed of six sections containing information in
a logical sequence. The first section is the introduction. The second
section describes the acquisition of the raw data needed to calculate
antenna performance. The third defines the system measurement accu-
racy. The fourth section compiles the collected near-field data and
calculated far-field data. The fifth covers the diagnostics used to
isolate the different causes of actual pattern performance. The final
section summarizes the results of the program.
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2,0

TEST PROGRAM

The data collected on this program include RF measurements, metric
camera photography, and theodolite sightings. Figures 1 and 2 show the
reflector configured for testing in the NFTL. During the tests the an-
tenna is pointed upward, the near-field of the antenna being measured
in a horizontal plane with overhead sampling probes. Figure 1 shows
the antenna from the floor, focusing on the tetrahedral trusswork and
graphite cords used to control the reflector surface. It also shows
the booms supporting the reflector and the offset feed. The photograph
in Figure 2 was taken above the reflector and shows the metric camera
targets as bright spots on the reflector surface. Figure 2 also in-
cludes the three lateral reflector seams, the major one located at the
reflector center. Figures 3-6 show the four feeds used to illuminate
the reflector for the LaRC tests. The large boom structure in Figure 1
supported the feeds in the focal plane above the reflector while the
tests were conducted.

We organized the test schedule to optimize data acquisition. Table 1
shows this schedule. The tests at 7.73 GHz required reconfiguration of
the feed mount assembly, and because of this reconfiguration the NFTL
performed these tests last. Before the 7.73-GHz tests, personnel from
Martin Marietta and NASA completed the set of metric camera photos and
theodolite measurements needed to determine both the reflector surface
tolerance and the feed position.

Metric photos were taken by Richard Adams of NASA LaRC with the NFTL
Reachall (man-1lifting device shown in Figure 1) at eight positions
above the reflector surface. The turntable supporting the mounting
tower was rotated, and the height from the Reachall to the reflector
surface was set to approximately 20 ft. Next, using the two-way opti-
cal targets that NASA provided, we sighted the surface and the
11.60-GHz and 7.73-GHz feed horns using theodolites. These data, com-
bined with the data obtained from processing the metric photos, pro-
vided the measured position of both the reflector surface and the feed.

ZOEDING PAGE TLANL N7 RLMED
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Figure 1 Tetrabedral Truss Antenna during Near-Field Measurements (Rear View)
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Figure 2 Tetrabedral Iruss Antenna during Near-Field Measurements (Front View)
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Figure 3 2.27-GHz Feed
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Figure 4 4.26-GHz Feed
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Table 1 Test Plan

Frequency Scan Angle Scan Size Array Size Feed
Test (GHz) (Degrees) Polarization (Data Points) Pointed
1 4,26 0 Co 256 x 256 Yes
2 4,26 0 Cross 256 x 256 Yes
3 2,27 0 Co 138 x 138 Yes
4 2,27 0 Cross 138 x 138 Yes
5 11.60 0 Co 707 x 707 Yes
6 11.60 0 Cross 707 x 707 Yes
7 7.73 0 Co 471 x 471 Yes
8 7.73 0 Cross 471 x 471 Yes
9 7.73 8.5 Co 471 x 471 No
10 7.73 8.5 Cross 471 x 471 No
11 7.73 8.5 Co 471 x 471 Yes
12 7.73 8.5 Cross 471 x 471 Yes

Figures 7 and 8 show the two scanning modes used at the NFTL, rectangu-
lar and quadrant. To collect the data in the most efficient manner,
NFTL used rectangular scans. One basis for determining the needed scan
size arises from the physical optics approximation in antenna theory;
the approximation states that all fields beyond the aperture edge in
the plane of the aperture will be assumed to equal zero. In near-field
scanning this approximation yields the equation

6 = tan ' ((L-D)/2d)
where

® equals the maximum valid angle off boresight when a physi-
cal optics approximation is used to determine scan size

L equals scan length

D equals aperture diameter

d equals distance separating scan plane from aperture.

This equation results in a maximum angle off boresight of 10° using the
physical optics approximation for rectangular scans. Under the previ-
ous program using the General Dynamics Tetrahedral Truss, a comparison
of quadrant and rectangular scans established that rectangular scans
produced virtually identical data over angles up to 30° for this an-
tenna. If any of the LaRC program test data had shown significant
energy outside of the 10° region, larger scans would have been per-
formed to guarantee data accuracy to 30°, This did not occur for any
of LaRC tests; therefore, rectangular scans were used throughout the
program.
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The antenna was tested at four frequencies, 2.27, 4.26, 7.73 and 11.60
GHz. For each of these frequencies both co- and cross-pol were meas-
ured. Measurement of the absolute gain helped to show the major
sources of antenna performance degradation, including feed internal
ohmic losses, surface rms, and focusing of the feed. Tests 9-12 helped
to determine the advantages of boresighting a steered feed instead of
simply mounting the feed parallel to the unsteered feed. Further anal-
ysis revealed that the major source of performance degradation was
cubic phase error. We will examine this source under the diagnostic
section (See Section 5.4). We checked all RF measurements for consis—
tency with reference to frequency scaling, correlation between direc-
tivity and gain, and absolute value of gain based on known performance
parameters. The next section will summarize the limiting errors on the
RF measurements at the NFTL.
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3.0

MEASUREMENT ERROR ANALYSIS

The near-field method of measuring antenna patterns, like all measure-
ment techniques, has several accuracy-limiting errors in application.
Although none of these errors caused misleading results, we will quan-
tify them in this section to establish a basis for measurement accu-
racy. The errors covered in this section include scan plane trunca-
tion, system stability, chamber reflections, probe position error, and
gain error.

For all pattern plots that follow we refer the far-field components and
angles to the coordinate system shown in Figure 9. This figure identi-
fies the near-field components by two vectors, Ex and Ey. After
transformation into the far-field, the components are identified as

A,z and A ) on a sphere defined by an azimuth and elevation coordi-
nate system. In these coordinates, the far-field patterns are refer-
enced to the antenna by placing its vertex in the X, y plane with the
active aperture and its co-polarized field vector aligned with the
negative x-axis. 1In all the far-field pattern plots that follow, the
H-plane and E-plane correspond to azimuth and elevation planes, res-
pectively (Ref 4),.

Y
 }
Antenna
Aperture
Ar Ae
Aaz
4 Ey
PN - X
' E
ge x
9 a
2z
Antenna
Polarization

Figure 9 Near-Field Measurement Laboratory Coordinate System



3.1

3.2

3.3

SCAN PLANE TRUNCATION

Scan plane truncation is always a critical concern in determining the
time spent to scan an antenna. According to the physical optics ap-—
proximation commonly used in near-field scanning, the collections done
for LaRC are valid over a maximum angle of 10°. However, if a more ac-—
curate method of defining valid angle is used that includes the actual
energy distribution over the aperture, this angle will increase.

A comparison between quadrant and rectangular scans accomplished during
the initial setup for General Dynamics had demonstrated virtually iden-
tical patterns for these two scan types, although the valid angle in-
creased to 45° for quadrant scans. These two scan types differ in
hardware configuration used in the actual collections. For a rectangu-
lar scan, the antenna is translated once in x while the scanning is
completed in y, as defined in Figure 7. Quadrant scanning needs four
separate scans of the antenna when rotating to four different angular
positions (0°, 90°, 180°, 270°). The computer then reconstructs a scan
plane from these data and places the data in a single file on disk.
Although quadrant scan increases the scan area by four times, this in-
crease in area did not change the antenna patterns in the General
Dynamics comparison. Therefore, using only rectangular scans, total
scan time (including setup, collection, and processing) could be cut by
65% without inducing significant error from truncation.

SYSTEM STABILITY

The long-term electrical stability of a near-field scanner can deter-
mine both gain and pattern accuracy when all other error sources are
less significant. The NFTL system has demonstrated exceptional long-
term stability over periods greater than 48 hours of +0.05 dB and i§°
in the near-field amplitude and phase measurement; this error source
has negligible effect on the pattern above levels of -60 dB. Even at
the extremely low levels, the pattern accuracy degrades only on princi-
pal planes of the far field because long-term drift varies too slowly
to affect the remaining envelope. Once measurement moves away from the
two principal planes, this error becomes negligible. Chamber reflec-
tions and probe positioning accuracy limit the measurement accuracy
over the entire far-field pattern. For all tests during this task for
LaRC, system drift did not appear in any of the collections as a signi-
ficant error contributor.

CHAMBER REFLECTIONS

No matter how precisely an electrical system measures the response of
the antenna, reflections always remain a limit to data accuracy. The
NFTL minimizes reflections by placing the antenna inside an anechoic
chamber. The errors caused by the remaining reflections of the chamber

14




3.4

3.5

tend to appear at —15 dBi or less on an absolute scale in the far-
field. Figures 10-17 show where this error bound lies relative to the
antenna peak gain. As these figures demonstrate, for all measurements
done with the LaRC feeds, this error never contributed significantly to
the far-field pattern. Although the LaRC tests result in the conclu-
sion that reflections did not limit the measurement accuracy, the level
of this error determines the ultimate limitations of near-field
measurement.

PROBE POSITION ERROR

Under normal operation, the most significant NFTL error source is probe
positioning accuracy in the direction of propagation (z direction in
the case of the unsteered antenna). Figures 10-17 show the upper bound
for this error source. This error source still remains far below the
far-field pattern envelope for all test frequencies. 1In addition,
knowledge of the true probe position will allow removal of the probe
position errors from near-field if they ever become significant. The
only component of probe position error that significantly affects
far-field pattern performance must occur along the direction of propa-
gation of the mainbeam. In the unsteered collections virtually all
power propagates in the vertical direction because the antenna has a
high gain; therefore, the effect of probe position errors on the far-
field pattern can be represented by out-of-plane errors in the collec-
tion. Figures 10-17 use this spectral distribution model for probe
position error (Ref 5). Probe position error will also have some ef-
fect on the absolute gain measurement of the antenna because it has a
nonzero rms value and affects the gain in much the same way as do re-
flector surface errors.

GAIN ERRORS

The absolute gain measurement accuracy of an antenna differs from the
pattern measurement accuracy because the gain measurement relies on
knowledge of absolute probe gain and reflection coefficients in the
near-field circuit (Ref 6). The two factors limiting the absolute ac-
curacy of the system, probe gain and insertion loss, need a hardware
substitution to accomplish the measurement. To measure insertion loss,
a fixed precision attenuator with known performance replaces the anten-
na in the transmission system. This measurement requires breaking of a
minimum of two connections and the addition of the attenuator. Vir-
tually any connector in the microwave frequency band has limited re-
peatability. The errors in this connection are the basis for the in-
sertion loss error shown in Table 2.

15
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Table 2 Gain Error Analysis Summary

Insertion Probe Probe Return Total
Frequency, Loss, Position, Gain, Losses, Gain Accuracy,
GHz dB dB dB dB dB*
2,27 40.10 +0.003 +0.1 +0.01 +0.14
4,26 +0.15 +0,010 +0.1 +0.10 +0.21
7.73 +0.20 +0.030 +0.1 +0.01 +0.23
11.60 +0.25 +0.070 +0.1 +0.01 +0.28

*Root Sum Square

The probe gain error shown in the table arises from two sources, con-
nector repeatability and accuracy of the standard gain horn used for a
reference. The accuracy of the return loss measurement will usually
cause negligible error in the gain calculation; however, for the
4,26-GHz tests, the probe that measured the response of the antenna had
an unusually high return loss. Therefore, even an error of 0.05 dB in
the measurement of the return loss of this probe would cause the error
shown in the table. The probe position error effect on gain is based
on a conservative estimate of maximum system deviation from the scan
plane of 20 mils and uses the error bound defined by Yaghjian (Ref 7).
By doing a root sum square averaging of the anticipated system errors,
the total error bound for the absolute gain measurement results in the
final values shown in Table 2.
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4.0

4.1

TEST DATA

This task consisted of 12 tests on the antenna, covering four frequen-
cies: 2,27, 4.26, 7.73, and 11.60 GHz. The data obtained from these
tests allowed rapid analysis of the electrical performance of the an-—
tenna. Because the antenna had a feed offset, the diagnostic techni-
ques developed at NFTL easily isolated any direct feed radiation from
radiation of the reflector. Isolation of the reflector from all other
electrical sources helped to make reliable analyses of this antenna and
aided in establishing the actual performance parameters of the feed and
the reflector. These parameters included surface trueness, aperture
taper, direct radiation pattern of the feed, defocusing effects of
steering, the effects of surface tolerance on the far-field pattern,
and gain losses caused by not pointing the feed toward the aperture
center,

These 12 tests used the feeds designed by LaRC for the 15-Meter Hoop
Column Antenna. Although the f/d decreased from 1.5 to 1.3 when using
the 5-meter reflector, this decrease caused only a slight increase in
the aperture taper. Since the maximum sidelobe level is usually de-
termined by surface errors on the reflector, this increased taper
causes little change to the sidelobe envelope. The four frequencies
chosen for the feeds cover 2.6 octaves and demonstrate both the versa-
tility and the performance of this reflector. The 2.27- and 4.26-Glz
feeds shown in Figures 3 and 4 are frequency-scaled versions of the
same stripline and patch array feed. Both feed arrays have phase-
matched elements with the amplitude taper being generated by a strip-
line network that distributes power to the 19 patches. The 7.73- and
11.60-GHz tests used the multimode horns shown in Figures 5 and 6,
again with appropriate frequency scaling. Because of length con-
straints, the feeds used for lower frequencies were not horn designs.

TEST DATA PLOT FORMAT

The pattern plots that follow (Fig. 18-125) are organized in the format
shown in Table 3. The table defines each of the plot types used in the
figures covered in the test data section. These figures will have
labels specifying the figure number, test number, frequency, polariza-
tion, type of data plotted, and plot type, all as shown in Table 3.

The labeling convention covers only Figures 18-125, the test data. The
geometry used to plot the data of the far-field patterns is shown in
Figure 9.

These figures are arranged by test number, with the cross—-pol test im—
mediately following the co-pol test for that particular antenna config-
uration. The principal plane plots show far-field patterns to 30°,
Although these scans were small, previous tests had confirmed negligi-
ble error from truncation; therefore, these data can be considered
valid. These angles also make the data easy to correlate with the data
in the previous reports from this contract on the 15-Meter Hoop Column
Antenna (Ref 1-3) delivered earlier.
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Table 3 Test Data Plot Format

Plot Type Polarization Far-Field Plot Dynamic Range, dB Angle, °

vt W

(o))

O

10
11
12
13
14
15
16
17
18

Co H-Plane -80 to O =30 to 30
Co E-Plane -80 to O -30 to 30
Co H-Plane -60 to O -10 to 10
Co E-Plane -60 to O =10 to 10
Co Contour -40, -30, Determined
-20, -10 by Sidelobe
Co Contour -30, - 20, Structure
-10, -3
Co 3-D -40 to O
Near-Field Plot
Co H-Plane -80 to O NA
Co E-Plane -80 to O NA
Far-Field Plot
Overlay H-Plane -80 to O -30 to 30
Overlay E-Plane -80 to O -30 to 30
Cross H-Plane -80 to O -30 to 30
Cross E-Plane -80 to O -30 to 30
Overlay H-Plane -60 to O =10 to 10
Overlay E~-Plane -60 to O -10 to 10
Cross H-Plane -60 to O -10 to 10
Cross E-Plane -60 to O -10 to 10
Cross Contour -50, -40, Determined
-30 by Sidelobe
Structure

TESTS 1 AND 2, 4.26 GHz

The patch array (shown in Fig. 4 above) used in these tests measured
approximately 11.6 in. across the flats and had 19 linearly polarized
elements, We tested this feed first because extensive previous NFTL
General Dynamics Tetrahedral Truss tests were performed at 4,2 GHz.

The initial data demonstrated that the LaRC array achieved an illumina-
tion similar to that of the 4.2-GHz GDC horn, a taper of approximately
17 dB; but, because of the internal losses of the patch array, the ab-
solute gain of the antenna dropped 2 dB from that of the GDC horn. The
surface errors probably caused all significant degradation in the
co-pol pattern inside 30°, Although the reflector design generated no
major grating lobes inside 40°, the surface contained several distor-
tions that increased the sidelobe envelope approximately 5 dB in the
angular sector within 10° of the mainbeam. The 42.5-dB gain of the an-
tenna at 4.26 GHz implied an aperture efficiency of 34% when compared
to the gain of the same size aperture illuminated with a uniform ampli-
tude and phase. However, because the feed has 2.9-dB internal loss and
because the aperture area is approximately 219 sq ft, the efficiency of
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the reflector aperture approaches 67%. Another major contributor to
decreased efficiency of the antenna arises from the high illumination
taper used to achieve low first sidelobe performance, the taper causing
the effective aperture area to decrease to approximately 166 sq ft,
thus increasing the efficiency of the reflector, without the taper, to
89%.

Data for Tests 1 and 2 (4.26-GHz series) are shown in Figures 18-35,
Because of surface distortions in the mesh, the first sidelobe ap-
proaches -24 dB at its peak located at (1,1) in azimuth and elevation.
The entire sidelobe envelope shows the effects of surface distortion
both by increased amplitude and by the lack of nulls in the antenna
pattern. The lack of nulls in a pattern near the mainbeam implies an—
tenna defocusing. Two possible sources of this problem, feed defocus-—
ing and surface distortions, exhibit different behavior on the aperture
phase front even though the far-field effects may appear indistinguish-
able. A surface distortion localizes to a small area on the reflector
surface, whereas a defocusing of the feed will affect the entire phase
front of the aperture by either bowing (axial defocusing) or tilting
(lateral mispositioning) the phase front. The antenna design chosen by
General Dynamics to facilitate beam steering has an f/d of 1.3, making
the effects of feed defocusing, if it did occur, negligible. There-
fore, the data indicates that the reflector surface distortion may
cause the lack of nulls in the far-field. The surface distortions
causing the increased sidelobe envelope do not always represent a high
surface rms. Because the surface rms weights all surface errors
evenly, errors at the center and edge of the reflector affect surface
rms equally even though they do not affect the antenna performance
equally. We could obtain a more appropriate rms value by weighting the
surface errors by the taper value for that region of the reflector.
This weighting would result in an rms value that accurately defines
both the gain loss due to surface errors and the quality of the reflec—
tor for predicting sidelobe envelope degradation. Near-field measure-
ments can then demonstrate that if the rms from the aperture illumina-
tion is calculated, it should correspond to an actual gain loss
measured by processing the electrical data.

When comparing the performance shown by Figures 18-35 to that of the
15-Meter Hoop Column Antenna (Ref 1-3), several differences emerge.
The smaller aperture of the GDC reflector had approximately 3 dB less
gain than the 15-Meter Hoop Column Antenna. However, since GDC used a
single aperture antenna design, the surface was illuminated more effi-
ciently than that of the quad-aperture 15-Meter Hoop Column Antenna.
Since the GDC surface had an aperiodic tie point spacing, no signifi-
cant grating lobes appeared in the GDC antenna pattern. Also, the
first sidelobe performance improved for the GDC antenna, probably be-—
cause the GDC surface control used a demser tiepoint spacing than did
the 15-Meter Hoop Column Antenna.

The cross-pol component of the feed controlled the cross-pol pattern of
the antenna as seen in Figures 27-35. The characteristic pattern of
null on boresight between two peaks shows a good linear polarization
for a microstrip array. Significant reduction of this cross—pol com—
ponent can only occur through use of a more ideally polarized feed.
This polarization improvement would probably require a corrugated horn

27



4.3

such as the horn General Dynamics provided. The maximum cross-pol of
the antemna is -22 dB at (1,0). The two cross—pol peaks do not
balance; but since this test showed lack of sensitivity to the probe
alignment, the conclusion of the test is that the feed has an un-
balanced cross-pol pattern. This probably arises from patch elements
used in the feed design. The surface degrades the cross-pol only mini-
mally because of two factors: the low gain of the cross—pol and the
small region of the reflector actually illuminated by the cross-pol.
Figures 30 and 31 show the cross—pol insensitivity to surface; when
compared to the co-pol pattern, the cross-pol has a much less defocused
appearance (with much deeper nulls) than does the co-pol.

TESTS 3 AND 4, 2.27 GHz

This pair of tests showed no appreciable change in response from that
of the 4.26-GHz feed except for frequency scaling. The major changes
caused by this scaling include reduction in gain, lower sidelobes, and
main beam distortion. The gain was 36.54 dB for this test, and the
peak sidelobe did not exceed —28 dB; however, the main beam distorted,
possibly because of the defocusing effect of the surface. The surface
effects on the sidelobe envelope in the 2.27-GHz tests appeared to de-
crease approximately 5.5 dB from those seen in the 4.26-GHz tests. The
filling-in of the nulls greatly decreased from the previous test. The
surface distortions at 2.27 GHz controlled the sidelobe envelope over
wider angles than at 4.26 GHz. Figures 36-53 show the antenna perform-
ance measured at 2.27 GHz as referred to in this section.

The cross-pol for this frequency closely resembles that of the 4,26~-GHz
feed. This resemblance results from using the same feed design and
from scaling the feed by frequency. The cross-pol peak, -24 dB, the
same as the 4.26-GHz feed, occurs at almost twice the angle from bore-
sight because of the frequency change. Because the collection scanned
over the feed, it quickly became apparent that the feed radiated a con—
siderable cross—pol component directly into the scan plane. The fields
from this component cause the interference patterns seen in the far-
field cross—pol contour in Figure 53. This direct radiation from the
feed could also cause electrical interference problems, depending upon
the application of the feed.

The 2.27-GHz test did demonstrate that the antenna performance in-
creases as the effects of the surface distortion scale down by fre-
quency. Other factors affecting the reflector performance, such as use
of mesh material, have become negligible. For apertures of this size
(greater than 40 wavelengths) the offset reflector can be qualitatively
examined by near-field measurements because it has no aperture block-
age-~this analysis normally reduces the sidelobe envelope to a function
of the feed taper and surface accuracy. Focusing of the feed for this
high-f/d ratio has no significant effect on the pattern; nevertheless,
according to the electrical and photogrammetric data, the feed was
focused. At 2.27 GHz the surface defocusing effects also dropped so
low that individual sidelobes appeared in the pattern; this implies
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that further surface improvements gain little at 2.27 GHz for this re-
flector, except for improving mainbeam symmetry and slightly reducing
first sidelobes. Gain losses because of the surface roughness at this
frequency are less than 0.1 dB; therefore, surface improvement is of
little significance at this frequency.

TESTS 5 AND 6, 11,60 GHz

The feed used at 11.60 GHz had a multimode design in which different
modes arose inside the horn because of abrupt transitions. The feed,
23 in. long, had three of these transitions. The horn produced an il-
lumination for this aperture with an approximate taper of 15 dB at the
aperture edge. The NFTL used the cross-pol component of the antenna to
align the antenna for optimal polarization. Using single line near-
field scans of the aperture, the NFTL optimized the polarization align-
ment based on the sharpest observed null in the aperture fields. This
method has always worked well when a horn is used to illuminate the
aperture because the horn will normally have a well-defined cross-pol
null with which to align the near-field measurement probe.

As frequency increases, the existing surface accuracy causes some pat-
tern degradation. Figures 54-71 show these effects. For the 11.60-GHz
tests, the surface caused a peak first sidelobe of -19 dB and a size-
able loss in gain, approximately 1 dB. The surface accuracy limited
antenna performance significantly at this frequency. The peak cross-
pol again approached -24 dB; however, the cross-pol pattern at 11.60
GHz of the GDC antenna had four separate peaks as opposed to the two
for the 15-Meter Hoop Column Antenna. This difference arises because
the 15-Meter Hoop Column reflector had a pie shape while this antenna
used a circular reflector. This reflector geometry difference changed
the cross—pol aperture fields greatly because the fields of the feed
cross—-pol increase close to the edge of the aperture. This change in
the cross—-pol aperture fields resulted in a significant change in the
far-field cross-pol.

An interesting feature of this horn compared to the other LaRC feeds is
that, because there are different tapers in the E—~ and H-Planes of the
11.60~-GHz feed pattern, the main beam asymmetry increased from that of
the other feeds. As Figure 59 shows, the main beam covers a different
angle in the two principal planes because of a wider horn beamwidth in
the E-plane than in the H-plane. This difference in angle consequently
caused a narrower beamwidth in the E-plane of the antenna pattern.

LaRC developed this horn for use with the 15-Meter Hoop Column Antenna
quad aperture design; therefore, the pattern taper differed along the
two axes to compensate for the aperture geometry. For the symmetric GDC
reflector, this feed pattern resulted in an asymmetric aperture illumi-
nation that caused an asymmetric main beam in the far-field pattern.

The gain of the antenna (51.4 dB) increased because of the negligible
ohmic losses of the feed and because of the increased frequency. How-
ever, the antemna efficiency, whose measurement is based on aperture
slze and directivity, remains virtually unchanged because the losses,
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caused by the surface roughness effects, increase with frequency and
approach the ohmic feed losses of the patch arrays used at the lower
frequencies. With the present surface, the GDC reflector will have
losses at any higher frequency that probably outweigh the increased
gain of this large reflector. The GDC antenna should have no problem
in operating at frequencies higher than 11.60 GHz except that the cur-
rent surface accuracy will cause large gain losses and high sidelobes.
Therefore, measurement indicates that in the present configuration the
antenna aperture gain may not increase above 12 GHz because the surface
errors of the reflector cause gain losses that increase rapidly with
frequency.

TESTS 7 AND 8, 7.73 GHz

These tests used a larger horn than did the 11.60-GHz tests (33.5 in.
long as compared to 23 in. for 11.60 GHz), but the horn was symmetrical
in all dimensions and geometrically scaled by frequency to the
11.60-GHz horn. To use this horn on the GDC antenna, NFTL personnel
had to refocus the feed by axially raising the mounting fixture for the
feed 7.5 in. After raising the feed, the antenna needed further align-
ment, and these adjustments were then completed using near-—field meas-
urements. Next, the antenna and the probe were aligned for polariza-
tion based on the near—-field cross—-pol measurements. The scanner then
measured the near field of the antenna and yielded the results shown in
Figures 72-89,

As Figure 75 shows, the peak sidelobe measures approximately -22.5 dB
from the pattern maximum. The gain obtained from the measurements at
7.73 GHz, 49.2 dB showed the highest aperture efficiency of the four
LaRC feeds—-~approximately 49%. This increased efficiency arises be-
cause the 7.73-GHz feed has minimal internal losses and because the
reflector remains smooth enough to prevent significant gain losses.
However, the surface errors do cause most of the pattern effects which
yield the far-field sidelobe envelope. This frequency also happens to
have the first appearance of grating lobes inside 30°. Figure 72 shows
these grating lobes at 20°; they occur only in co-pol H-Plane.

They also appear in the 4.26~GHz and 11.60-GHz tests at 30° and 13°,
respectively, in the same plane. These angles for the grating lobes
imply that, although the surface tie points are aperiodic, some portion
of the surface has an average spacing of 4.5 inches. This distance ap-
proximately matches the average spacing between tiepoints; however, be-
cause the grating lobes occur in only one plane, the periodicity of the
surface tiepoints apparently corresponds to the symmetric axis of the
reflector.

Figure 73 shows another feature of both the 7.73-GHz and the 11.60-GHz
co-pol patterns. This feature, a virtually constant 50-dB sidelobe en-
velope, was determined after thorough testing to be a high-frequency
function of the reflector. Because this feature occurs in only one
plane, and because the beamwidth of the sidelobe envelope approximates
the main beam, this feature probably arises from a line source near the
reflector surface. This line source should have the same length as the
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reflector diameter in order for the effect to isolate to only one
plane. This feature does not appear at lower frequencies, possibly be-
cause the overall sidelobe envelope is higher than -50 dB. If this
feature arises from a surface discontinuity, the discontinuity may
occur over an area small enough to vary faster than a radiating wave
can vary at lower frequencies, creating an evanescent wave that would
never reach the far field.

The antenna performed very well at 7.73 GHz. The gain shows the high
efficiency that this reflector can produce. The peak sidelobe of -22
dB demonstrates that the surface roughness (calculated as 30-mils rms)
does not degrade reflector performance to the degree seen in many mesh
antennas, especially deployables. Because the surface had deployed
repeatedly in earlier tests to a much lower roughness value (approxi-
mately 13-mils rms), much lower first sidelobes could probably be at-
tained by this antenna. This conclusion is consistent with comparisons
of the GDC results with those of the 15-Meter Hoop Column Antenna.
Metric camera data acquired for both of these reflectors during the
measurements at NFTL show that the surface deviation of the General
Dynamics reflector was approximately 50% less than that achieved by the
15-Meter Hoop Column Antenna. A 6-dB-lower peak sidelobe (when com-
pared to tests on the 15-Meter Hoop Column Antenna) for the GDC antenna
was obtained during the pattern measurements. Another 50% reduction in
surface deviation from approximately 30 to approximately 13-mils rms
may again result in a 6-dB reduction of the peak sidelobe. Therefore,
the 7.73-GHz operation of this antenna could probably improve dramati-
cally if surface deviations could be reduced to the level measured at
GDC facilities.

TESTS 9-12, STEERED 7.73~GHz TESTS

For the steered tests with the LaRC feeds, the cruciform (mechanical
structure supporting the feed) remained in the position achieved by the
focusing of Tests 7 and 8; the feed moved 44 in. laterally from bore-
sight. This movement steered the mainbeam of the antenna 8.5° in the
H-plane, resulting in dramatic changes in the antenna pattern. The
NFTL steered the feed two ways for comparison. For the first, the NFTL
simply bolted the feed into the steered position on the cruciform. For
the second configuration, using an alignment laser provided by NASA,
the NFTL adjusted the feed until it pointed to the center of the re-
flector. The results of these two configurations, Figures 90-125, show
a very high level of pattern degradation compared to steering results
of the Hoop Column Antenna.

The cause of the pattern degradation, defocusing, arises from the large
steering angle. For the 15-Meter Hoop Column Antenna, the maximum
angle for steering the antenna (4.8°) resulted in only minor pattern
degradation. However, for the General Dynamics reflector the steering
angle nearly doubled. This approximately 9° steering (approximately 10
beamwidths) resulted in a dramatic distortion of the phasefront from
the reflector that drastically degraded both antenna pattern and gain.
Pointing the feed toward the aperture center did not significantly im-—
prove the antenna pattern, although the pattern did change greatly.
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The gain of the pointed feed configuration (45.6 dB) was higher by 0.7
dB than the unpointed configuration (44.9 dB) because of more efficient
aperture usage. However, for both configurations the pattern degrada-
tion includes mainbeam distortion, increased sidelobe levels, and in-
creased cross—pol. Pointing the feed reduced the peak cross—pol from
-19.9 dB to -20.7 dB, a level still 3.6 dB higher than that for the
boresighted case. The peak sidelobes for both configurations approach
-19 dB, while the remainder of the sidelobe envelope remains slightly
higher than in the boresighted case because of the gain lost by
steering.

The mainbeam distorts during steering because of two factors. The
first source of distortion comes from aperture illumination amplitude.
Figures 95 and 113 show the change in the antenna pattern arising from
the different aperture illuminations. The second and more important
factor, known as cubic phase-front distortion, which causes pattern
distortion, results in the 4-dB gain loss and the mainbeam distortion.
This cubic phase error, sometimes known as coma lobing, occurs by
steering an antenna with its feed until the phasefront distorts enough
to raise the sidelobe envelope. To avoid this problem, a large f/d and
an adaptive feed design are commonly employed. Since the antenna al-
ready had a large f£/d (1.3), decreasing the cubic phase error would re-
quire modifying the feed to compensate for this error (by changing the
phase front of the feed from a point source to a distributed source).

Steering this antenna 8.5° at 7.73 GHz caused a 4-dB gain loss in the
co-pol and drastic pattern distortion. At lower frequencies or smaller
angles, these effects will be reduced. However, because of the large
f/d, coma lobing is much lower than the coma lobing observed on conven-
tional antennas. The highest coma lobing measured in either Test 9 or
11 was slightly above -10 dB. Steering also degraded the cross—pol
performance, raising it over 5 dB above levels measured for the bore-
sight test., Pointing did decrease the cross-pol peak from -19 dB to
-20.4 dB relative to the co-pol peak. The cross-pol patterns in the
steered collections result primarily from the reflector, because the
reflector aperture no longer has the field symmetry of the boresight
cross—-pol necessary to produce low cross—pol levels. Therefore, when
electrically steered with a linear polarization to wide angles (greater
than 10 beamwidths), this antenna's performance degrades; this degrada-
tion affects the gain, beamwidth, sidelobe envelope, and cross—pol.
Pointing does result in modest improvements over strict planar steering.

32




S p—

-108. |

m
T

a
1)
a
jan
-
-
J
o
x
<

.
=
14
o
4

-88. 1

I

i
|

l l | |

-3- "2“.

-108.

2. 18. 20. 3.

AZIMUTH ANGLE., DEGREES

Figure 18 Test 1, 4.26 GHz, Co-Pol, H-Plane, Type 1

33



8.

-200 e

dB

-38. .

AMPLITUDE,

NORM.

"7Bo e

-804. I l l I I

-30. -20. -10. 2. 1. 28.

ELEVATION ANGLE., DEGREES

Figure 19 Test 1,4.26 GHz, Co-Pol, E-Plane, Type 2

34

3.




AMPLITUDE, dB

NORM.

-18. |—

-208. .

-32.

-402.

-50.

-6@. S ISR [ NS A S N

-13. -8. ~6. -4. -2. 8. 2. 4. 6. B. 18.

AZIMUTH ANGLE, DEGREES

Figure 20 Test 1, 4.26 GHz, Co-Pol, H-Plane, Type 3

35




AMPLITUDE., dB

NORM.

8. —

-4¢ ——

-5@.

-68. R O R Y S U I IO |

- 1 ﬂ- "9. -8. -45 -20 0. 2- 4. ac 8.

ELEVATION ANGLE, DEGREES

Figure 21 Test 1,4.26 GHz, Co-Pol, E-Plane, Type 4

36

la.




ORICTAL PACE 13
OF POCR QUALITY

LEGEND:
AMPLITUDE SCALING
LIGHTEST 0TO-10dB

-10 TO -20 dB
-20 TO -30dB
6 DARKEST -30TO -40dB
4. fr—
0
]
1)
14
8 2. —
a
[ ]
(F1]
3
z . pr—
<
Z
o
-
-
< -2 |—
>
u
-
w
-4l —
-y |
-8. 8.

AZIMUTH ANGLE., DEGREES

Figure 22 Test 1, 4.26 GHz, Co-Pol, Contour, Type 5

37



LEGEND:
AMPLITUDE SCALING
LIGHTEST 0TO -3dB

‘ -3TO-10dB
4 -10 TO-20 dB
o pu— W DARKEST -20 TO -30dB
il
3. |-
$ 2. —
w
(14
Q
w
n 1. —
uw
T
z ac e
<
Z
5 -
P —
<
>
-
R
-3. |—
-4, ] [ | ]
-4, -3. -2 2 3. 4.

AZIMUTH ANGLE, DEGREES

Figure 23 Test 1, 4.26 GHz, Co-Pol, Contour, Type 6

38




ON'L %L F&'*‘!

OF POOR QUALITY

NORMALIZED LQOG
AMPLITUDE, B

— B. 22
. -s.88
. —-10. 20
- —-15. 82
L -20. 22
L —25. 00
. —32. 202

|- —35. 28

"/ " 1z R ,\
[ - ‘ ///w A‘I;/
48. P2
. / 0’/ ’
1. 1 it /\« . 1@.
L o /m/////r ‘2%
- - o

ELEVATION ANGLE. DEGREES - - . . AZIMUTH ANGLE., DEGREES

Figure 24 Test 1,4.26 GHz, Co-Pol, 3-D, Type 7

39



dB

AMPLITUDE,

-80. | |

AMPLITUDE

|

188@.

158.

120.

sa.

3..

-30.

-128.
—15m¢

I -180.

B. sz. 1 zz.

158.

ROW NUMBER

Figure 25 Test 1, 4.26 GHz, Co-Pol, H-Plane,

Type 8

40

288.

258.

PHASE




-20.

-302.
g -am.
o
2 -50.
= 52
-t
- ‘
% , H
< -BB.

ORIGINAL PAGE |5
OF POOR QUALITY

AMPLITUDE

l I

120. 150.

COLUMN NUMBER

Figure 26 Test 1,4.26 GHz, Co-Pol, E-Plane, Type 9

41

208.

250.

180.

158.

120.

ga.

32.

-38.

-B80.

-90.

| —120.

-1358.

-188.

l
PHASE




. P,
peswewes [
e » N
l‘!ﬂ' L J
PRt [
e
- -5 -
B e e en—
3 e |
! R irarrerarer -
w |||.l'l.h.|lﬁ!'.| O
=3 c |
S —
o |
(2 sl
(&]

R ey

— I.ll.l\l

I i s
 § § ¢ 4 & & §°
| | i | | i I }

8P °‘30NLITdWY °“WON

42

AZIMUTH ANGLE, DEGREES

Figure 27 Test 2, 4.26 GHz, Overlay, H-Plane, Type 10




CO-POL

-lﬂ.

8P °‘30N.1ITTdWY °WdON

ELEVATION ANGLE, DEGREES

Figure 28 Test 2, 4.26 GHz, Overlay, E-Plane, Type 11

43



dB

AMPLITUDE,

NORM.

8. —

—Imv —

-38.

-403.

Figure 29 Test 2, 4.26 GHz, Overlay, H-Plane, Type 12

CROSS-POL
I

l

‘CO-POL

AZIMUTH ANGLE,

44

fA
\

i M\ AL
4. B. B.

;'4. -2- no 2.

DEGREES




AMPLITUDE. dB

NORM.

-18. |~

CO-POL

-48.

CROSS-POL

\
/\ \ \ \,/’V\
[ ] l\/\.l Ll 1\, M

- 1 m. _B. -8. _4. -2. m. 2. 4. a. 8. 1 G.

ELEVATION ANGLE, DEGREES

Figure 30 Test 2, 4.26 GHz, Overlay, E-Plane, Type 13

45



-20. __

m
1 _am- —

s
w
Q l
[ ] |
J i !
i | :
X ;
< -58.[ .
% I
<)
Z -BB-

_7-
1
H

-80. |
-'3.

AZIMUTH ANGLE. DEGREES

Figure 31 Test 2, 4.26 GHz, Cross-Pol, H-Plane, Type 14

46




AMPLITUDE, dB

NORM.

a.

|

1T T

l
u
8

_Bc e

-30.

L ] | L

-20. -10. 2. 182. 20. 30.

ELEVATION ANGLE., DEGREES

Figure 32 Test 2, 4.26 GHz, Cross-Pol, E-Plane, Type 15

47



dB

AMPLITUDE,

NORM.

-18. L.

-20. .

-40. |

-smc pomeme

“’azo
-1 ﬁ.

.—a
.

I

I

-4. —'2. BI 2-

AZIMUTH ANGLE,

Figure 33 Test 2, 4.26 GHz, Cross-Pol, H-Plane, Type 16

48

4. 6.

DEGREES

18.




AMPLITUDE, dB

NORM.

m.;—-

-18. —

-28. (.

-4@. |

L JIVVUL 1 |

1

M nJ

"‘4. -20 B- 2.

ELEVATION ANGLE,

Figure 34 Test 2, 4.26 GHz, Cross-Pol, E-Plane, Type 17

49

4. 6.

DEGREES

1@.



DEGREES

ELEVATION ANGLE,

4.

2.

1
N

ORIGINAL PACT IS
OF POOR QUALITY

—
® LEGEND:
o AMPLITUDE SCALING
- LIGHTEST -23TO-25dB
-256 TO -30 dB
-30 TO -40 dB
DARKEST -40 TO -50 dB
o

L L 1 | I 1 ]

-B. -4. -2. 2. 2. 4. 6.

Figure 35

AZIMUTH ANGLE, DEGREES

Test 2, 4.26 GHz, Cross-Pol, Contour, Type 18

50




dB

AMPLITUDE,

NORM.

-80. | l ] l | |

-30. -20. -10. 2. 1@. 20. 38.

AZIMUTH ANGLE. DEGREES

Figure 36 Test 3, 2.27 GHz, Co-Pol, H-Plane, Type 1

51



8. —

"’lﬂ. .
|
—2m. |
-
w
S
.— -40- R
-4
-
0
=
<
>3
14
o
Zz |

|1 | ]

"’30. -20- -1 B- Do 1 Bo 22. auu

ELEVATION ANGLE, DEGREES

Figure 37 Test 3, 2.27 GHz, Co-Pol, E-Plane, Type 2

52




m —2 " -
R
w
g A
- -Sm-
-
J
.
=
<
« —A48.
x
14
o
4

-10.

ee 1 1 1 1 1 1 1 1 |

- 10. -8- "'3. -4, "'2- ﬂ. 20 4., 6. B.

AZIMUTH ANGLE., DEGREES

Figure 38 Test 3, 2.27 GHz, Co-Pol, H-Plane, Type 3

53

1@.




8. —

-1 Oe S

-28. —

dB

"30. )

AMPLITUDE,

-4Bo —

NORM.

-520 e

el 1 1 1 1 1 1 1 1 1

-1B8. -8. -8. -4. -2. B. 2. 4. 8. 8.

ELEVATION ANGLE, DEGREES

Figure 39 Test 3, 2.27 GHz, Co-Pol, E-Plane, Type 4

54

1.




DEGREES

ELEVATION ANGLE,

ORIGINAL Pacz I3
OF POOR QUALITY

1@.

LEGEND:
AMPLITUDE SCALING

e LIGHTEST 0 TO-10dB
-10 TO -20 dB

- e B
[Ml B IR N EU N N 1

“lﬂ. '—a. ‘—6- -4. -2- B. 2. 4- 6. ao 1 Bl

AZIMUTH ANGLE, DEGREES

Figure 40 Test 3, 2.27 GHz, Co-Pol, Contour, Type 5

55



8. — LEGEND:
AMPLITUDE SCALING
Se |— LIGHTEST 0TO -3dB
-3T0-10 dB
-10 TO -20 dB
4. DARKEST  -20 TO -30 dB
{ .
m 3. brere——
&
o 2.
=}
o l.i__
_J i
2 el
<
g -1. ———
]
T o2l
>
-
ul -3-‘_—
i
-4, *._
-5.
PSS NN NN N NN PR NN DU N (RSN SO N W

'-6. —'SQ —4¢ "3- —2¢ “1- B- 1. 2. 3. 4- 5- -

AZIMUTH ANGLE. DEGREES

Figure 41 Test 3, 2.27 GHz, Co-Pol, Contour, Type 6

56




NORMAL IZED LOG
AMPLITUDE. B

R f
s “//////{//i/ |
gl ‘o
| 0. 0 - ,fé;‘ ///ﬁ//#//////”/// iR

Figure 42 Test 3, 2.27 GHz, Co-Pol, 3-D, Type 7

57




AMPLITUDE

dB
i
H
[
.

AMPLITUDE,

! |

-78.

-88. | 1 | | | |

a. 20. 40. 6a. 8a. iee. 128.

ROW NUMBER

Figure 43 Test 3, 2.27 GHz, Co-Pol, H-Plane, Type 8

58

180.

158.

128.

38.

-128.

-158.

-188.

l
PHASE




AMPLITUDE
-1@. | l!
v
| ‘ o |
z § % “ ‘ !
s [ AL i
i
B -s2. |- A j
uf I
a] l. i A , ﬁ
, 11~ e
g R é
< -6e. | ’ I } PHASE
-78. i} ' *4 J
-eg. | I l l | | ]

2. 20. 4. 6e. 8e.

COLUMN NUMBER

Figure 44 Test 3, 2.27 GHz, Co-Pol, E-Plane, Type 9

59

188.

128.

188.

158.

128.

2.

3a.

-120.

-15B¢

-180.

1

I
PHASE




CO-POL

“““““

‘‘‘‘

e an e e
lllll

CROSS-POL

l i
20. 3p.

l
18.

B'F‘

'_10-

-ZB. —

I
5
| !

8P ‘30NLINdWY °“WAON

o o
n ©
_ |

DEGREES

AZIMUTH ANGLE,

Figure 45 Test 4, 2.27 GHz, Overlay, H-Plane, Type 10

60




20, ey

1@,

—1B.

,—2_z. i

4 |
AL
-30.

L | [ — afl
) o ] ] s r " - -
T o T N n 5 3 -

DEGREES

ELEVATION ANGLE,

Figure 46 Test 4,2.27 GHz, Overlay, E-Plane, Type 11

61



AMPLITUDE, dB

NORM.

-
an ap o= = -

\
el VL L LY U

- 1 B- -80 -aa —4u -20 Bo 2. 4. 8. ao 1 Ba

AZIMUTH ANGLE, DEGREES

Figure 47 Test 4, 2.27 GHz, Overlay, H-Plane, Type 12

62




-1 L
% ~28. | .
u
£ -3m. |
T
< \
g 4B |
: l' /\f\ Y
-5, | "\I CROSS-POL “i \\ {
| e
—eo. Lafl Al | '{ 1 1 l‘ s l‘ l
8. 8.

-1 E. "'9. "5. ~&8. -2, Bo 2. 4. 18.

H

ELEVATION ANGLE, DEGREES

Figure 48 Test 4, 2.27 GHz, Overlay, E-Plane, Type 13

63




AMPLITUDE, dB

NORM.

0-—

_lgo L—-—

-20. | _

—60.

-7E¢

-80. | ] 1 | |

-30. -208. -18. 2. 10. 20.

AZIMUTH ANGLE, DEGREES

Figure 49 Test 4, 2.27 GHz, Cross-Pol, H-Plane, Type 14

64

38.




—
—lﬂ. r—
'—2“. T
m
Y -Sﬂ. S
wl
|
a -400 S
-
-
o
=
< -Sﬁa s
>
(14
2 -sp.
.
—eo. L1l || 1 I ] ]
-302. -20. -10. 2. 18. 20. 304.

ELEVATION ANGLE, DEGREES

Figure 50 Test 4, 2.27 GHz, Cross-Pol, E-Plane, Type 15

65




8.

~18. |
-20.
3 -
u
a
P -30. |
-4
-
0.
X
<
. ~4B. e
x
o
O
4
-5@. L
-60. 11 I N | ]

-18. —a- '-6. -4, -2. B- 2- 4. 8. 8. 10.

AZIMUTH ANGLE. DEGREES

Figure 51 Test 4,2.27 GHz, Cross-Pol, H-Plane, Type 16

66




-18.
% -2m0 e—
8
ul
S
- —Sﬂ.
-
-1
Q.
x
<
. —-408.
=
14
(=]
z

—5 3.

-80. | I T | ]

- 1 n. —a. -8‘ —4. —2- n. 2- 4. 8. a. 1 E-

ELEVATION ANGLE. DEGREES

Figure 52 Test 4, 2.27 GHz, Cross-Pol, E-Plane, Type 17

67



DEGREES

ELEVATION ANGLE,

1@8.

-8. | — ® AMPLITUDE SCALING
LIGHTEST -24TO-30dB
e L .30 TO -40 dB

DARKEST -40 TO -50 dB

-10. N SR A N N (N N S

- 1 Bo —ac -a. '—4. —20 m- 2. 4- a- a. 1 ﬁ.

AZIMUTH ANGLE, DEGREES

Figure 53 Test 4, 2.27 GHz, Cross-Pol, Contour, Type 18

68




-18. .
-~28. —
|
% "‘33. —
éll !
-450
3 —
(R
X
< -50.
g -eo.

|

-39. -28. -10. 2. 10, 20.

ELEVATION ANGLE, DEGREES

Figure 54 Test 5, 11.60 GHz, Co-Pol, H-Plane, Type 1

SO DR R N N |

30.



dB

AMPLITUDE,

NORM.

-88. N [V R SR S

-30. -20. -18. 2. 18. 28. 3..

AZIMUTH ANGLE, DEGREES

Figure 55 Test 5, 11.60 GHz, Co-Pol, E-Plane, Type 2

70




2. _

s

-10. L.
L

. !
m 1
g 2
- ]
T ;
= ]
< @.

« —40. i .
% z
o [
Z !

|
-5. i

|
~60. L L]

|

8 T N N N IS N

—4. —2. n. 2. 4. 8. a. 1 g-

AZIMUTH ANGLE., DEGREES

Figure 56 Test 5, 11.60 GHz, Co-Pol, H-Plane, Type 3

71



AMPLITUDE, dB

NORM.

Op—-—

-18. —

-28.

B
_3

- |

—'4. s

- SB.

Y55 H N I N S SN S N N N

- 1 ﬂ. -8. —'a- -40 - 2. B. 2. 40 ac a- 1 mo

ELEVATION ANGLE, DEGREES

Figure 57 Test 5, 11.60 GHz, Co-Pol, E-Plane, Type 4

72




"

3

e
LR

OR!. . = 14 }}1.‘,«§-¥
OF DOR QULALY

6.

F— LEGEND:
S. — AMPLITUDE SCALING
LIGHTEST 0TO-10dB
4.l | -10 TO -20 dB
-20 TO -30dB
n DARKEST -30 TO -40 dB
W 3. —
w
(14
tlf' 2. e
Q 0
I.lj 1. —
o
4 Bn 1——
< ! °
4 - {
2T o
-
< ""2- N ‘
>
(11]
d -30 e

Do
-
o

-5' .

s 1 1 1 b 1 ° 1 1 1]

—a. -5. —4. —3' —2. - 1 L] B. 1 L] 2. a. 4. 5- a-

AZIMUTH ANGLE. DEGREES

Figure 58 Test, 5, 11.60 GHz, Co-Pol, Contour, Type 5

73






ORICIMAL PAGE IS
OF POOR QUALITY

NORMALIZED LOG
AMPLITUDE., dB

- —5. 00

- —-12. 22

— —1S. 2@

— -—-20. 88

- —25. 89

- -302. 02

- —-40. 23

2. 2 -2,
ELEVATION ANGLE., DEGREES -3. _4 - —a.@ AZIMUTH ANGLE. DEGREES

-5, @ -5.2

Figure 60 Test 5, 11.60 GHz, Co-Pol, 3-D, Type 7

75




dB

AMPLITUDE,

AMPLITUDE 188.

158.

-18.
128.
"'20- gﬂ.
80.

-30.
38.
-4B- .
-308.

"5“-
—an-
-88. -88.
-128.

"'7“-
- 1 SB-
-88. l | | | | | -188.

8. 180. 208. 308. 408. 5SPB. 688. 708.

ROW NUMBER

Figure 61 Test 5, 11.60 GHz, Co-Pol, H-Plane, Type 8

76

PHASE




dB

AMPLITUDE,

ORIGINAL PAGE IS
OF POOR QUALITY

AMPLITUDE

PHASE

2. 188. 208. 308. 488. 5BB. 600.

COLUMN NUMBER

Figure 62 Test 5, 11.60 GHz, Co-Pol, E-Plane, Type 9

77

i88.

158.

120.

ea.

6a.

38.

2.

-38.

 —-120.

-158.

708.

I
PHASE




a.

-10. | CO-POL
-20. |
m
]
wi
0 ]
) {
- i
-t t
A i
o \
z 1
<
[ ]
X
74
o
Zz

CROSS-POL

30.

AZIMUTH ANGLE. DEGREES

Figure 63 Test 6, 11.60 GHz, Overlay, H-Plane, Type 10

78




-108. .

CO-POL

dB

AMPLITUDE,

NORM.

-20.

ELEVATION ANGLE,

Figure 64 Test 6, 11.60 GHz, Overlay, E-Plane, Type 11

79

DEGREES



2.

-18. |
|
‘ CO-POL
m "2“. e
o
ul
8 |
- t
i {
£
<
'Y _40-
<
e
c \
Z | ]
| i
-5@. ih
TN
" crossPoL
i
el 10 1| oA

- 1 m. ’8. ..6. —4. B. 2. 4’ a.

AZIMUTH ANGLE, DEGREES

Figure 65 Test 6,11.60 GHz, Overlay, H-Plane, Type 12

80

1.




"Iﬂ-
m "ZB-
)
ui
o
a -'30
-t i
- |
0.
X
<
. =—40.
X,
.
(o]
4

[

1

|

CO-POL

-
L

CROSS-POL

A
I i

-18.

b
L]

]
-4. -2, @ 2. 4. 6. B 1B

ELEVATION ANGLE, DEGREES

Figure 66 Test 6, 11.60 GHz, Overlay, E-Plane, Type 1 3

81



a. —

_100 S
-ZD‘ .
m
. —sg- L—.
wi
S
- —400 e
-
|
Q.
=
< —sgo e
b 3
(14
(@]
4

Figure 67 Test 6, 11.60 GHz, Cross-Pol, H-Plane, Type 14

-10. a.

AZIMUTH ANGLE,

82

i@. 20.

DEGREES

30.




—-lz. proasamy
m
T -3g.
]
(@]
P -40.
-4
. |
a.
b
< —SQQ
=
5
2 —Bg.
-70.

-1@. 0. 10. 20.

ELEVATION ANGLE., DEGREES

Figure 68 Test 6, 11.60 GHz, Cross-Pol, E-Plane, Type 15

83



2.

-18. |

m "‘ZQ.%.._

° |

u i

0

g -3m. nﬂ

-4

|

[+

=

<

« —40. L _

b

(14

o

z N
—5BCF—
-6, L 1 1 | VAW .

-18. -B8. -B8. -4. -2. Q. 2. 4. 8. 8.

AZIMUTH ANGLE, DEGREES

Figure 69 Test 6, 11.60 GHz, Cross-Pol, H-Plane, Type 16

84

1@.




7,
2. —

l

|

| |

-lu‘ L—.
m -Za. —
)
[
!
S5
[ -‘3. .
-
J
Q.
X
<
» -48.
= o
®
o
pr4
-3S8. -
-68.
-18.

—4. _20 m- 2.

ELEVATION ANGLE,

Figure 70 Test 6, 11.60 GHz, Cross-Pol, E-Plane, Type 17

85

[ R
4. a. 8. 1 B.
DEGREES



DEGREES

ELEVATION ANGLE,

3.

LEGEND:

AMPLITUDE SCALING

B LIGHTEST -23T0-25dB
-25 TO -30 dB
-30 TO-40dB
DARKEST ‘40 TO -50 dB
2.
1. L
2. -
-1. |
-2¢ —
3. | | I I
“3‘ —2- - 1. m. 1. 2.

AZIMUTH ANGLE, DEGREES

Figure 71 Test 6, 11.60 GHz, Cross-Pol, Contour, Type 18

86




’,
a.

i ﬁ
-18. |
"'22. —
[11]
T -308. |
w
S
- -4B¢ —
-
=
S
< ~-50. e
b
5
Z -80.
-7B0
8. | | | 1 | ] |
-30. -20. -18. 2. 18. 20. 38.

AZIMUTH ANGLE, DEGREES

Figure 72 Test 7, 7.73 GHz, Co-Pol, H-Plane, Type 1

87



dB

NORM.

AMPLITUDE,

-48. |

-7BI pre———

-88. 1 l | | l

-308. -20. -10. 2. 18. 20.

ELEVATION ANGLE, DEGREES

Figure 73 Test7,7.73 GHz, Co-Pol, E-Plane, Type 2

88




"lﬂ.

-200
2
ul
Q

2 -3..
[ ]
-
Q.
x
<

'Y "4ﬂ.
®
=]
<

I S |\l

-18.

-8
L]

-8
L]

- 4‘ - 2. m. 2. 4 L} 6. 8.

AZIMUTH ANGLE, DEGREES

Figure 74 Test 7, 7.73 GHz, Co-Pol, H-Plane, Type 3

89

13.



-lﬂ- L—

dB

AMPLITUDE,

NORM.

-sm.

-208. —_—

-SE- S

-403. T

ee. L 1 1 W 1 1 b 1 1 1

-18.

-8
L

""4. -2. 0. 2. 4, B. ao

ELEVATION ANGLE, DEGREES

Figure 75 Test 7, 7.73 GHz, Co-Pol, E-Plane, T ype 4

90

1.




CRicmay Pan

ROREN )

OF PooR QUALITY

5. LEGEND:
AMPLITUDE SCALING
LIGHTEST 0TO-10dB
* -10TO-20dB
-20 TO-30dB
4, | DARKEST -30 TO-40 dB
0
w
w
14
8 2. —
a
wi
.
o 2.
<
4
=]
-
< -2 —
ﬁ L )
d
w
-4, |
iy l l l l | |
-8- -4- -20 Ba 2- 4- a-
AZIMUTH ANGLE, DEGREES

Figure 76 Test 7, 7.73 GHz, Co-Pol, Contour, Type 5

91



3. —

. LEGEND:
M AMPLITUDE SCALING
LIGHTEST 0TO -3dB
2¢ |— -3TO-10dB
-10 TO -20 dB
m DARKEST -20 TO -30dB
w
(14
8 1. ——
a
w
D
z n- e
<
Z
(=]
-4
'2 -10 -
>
w
-J
w
-2. pnc—
-3. l | | l | _I
-3. -2 -1. 2. 1. 2. 3.
AZIMUTH ANGLE, DEGREES

Figure 77 Test 7, 7. 73 GHz, Co-Pol, Contour, Type 6

92



ORu AL "JIIC

§o

NORMALIZED LOG
AMPLITUDE. dB

— 2. o2
- -5.00
b —-102. 28
- ~15. 083
- —-208. 28
- —-28S.02
- —-38. 28

b

A~

— —-40. 28

— b @//W/’/// ﬁ///

//////,

AZIMUTH ANGLE. DEGREES . 0 . ELEVATION ANGLE., DEGREES

Figure 78 Test 7, 7.73 GHz, Co-Pol, 3-D, Type 7

C-L

93



dB

AMPLITUDE,

-ep. | 1 l

AMPLITUDE

3. l1g@. 202.

ROW NUMBER

Figure 79 Test 7, 7.73 GHz, Co-Pol, H-Plane, Type 8

94

328.

i18a.

158.

120.

——

PHASE




-18. |~

-ZEC v

dB

-40.

AMPLITUDE,

-78.

- BBO

AMPLITUDE

PHASE

,
e

10280. 200. 3002.

COLUMN NUMBER

Figure 80 Test 7, 7.73 GHz, Co-Pol, E-Plane, Type 9

95

428.

i188.

15-

128.

ga.

32.

-30.

-120.

-150.

"IBB.

l
PHASE




-10. | .
-zz. p——
m
T -32. |
u
g
b= "4”- —
-
.|
5
< "'53-
b
S
4 -emo

CO-POL

—

¥l CROSS-POL A\ AL

-10. 2.

AZIMUTH ANGLE,

Figure 81 Test8, 7.73 GHz, Overlay, H-Plane, Type 10

96

10.

{"Ij-iii'; h

DEGREES




-10. | CO-POL
-23- s
o1}
v -3z¢ b
ni
g
- -42. e
-4
. |
a.
X
< -5. pr—
b 3
S
z -am- prm—
CROSS-POL
-730 — h
—en. MLMM Lk
-SG¢ —200 - 1 ﬂ- z- 1 B. 20. 3”.
ELEVATION ANGLE, DEGREES
Figure 82 Test 8, 7.73 GHz, Overlay, E-Plane, Type 11

97



2
S pemasus

- 1 7: 1S p———

m -200 S
v
&
w
S

'— —ag. —
-
.|
[« B
b
<

[ ) -400 pr——
=z
14
o
Z

-5S8.

-6gc |
-lno

CROSS-POL

CO-POL

|

2. 2.

AZIMUTH ANGLE,

Figure 83 Test 8, 7.73 GHz, Overlay, H-Plane, Type 12

98

4. 6.

DEGREES

1@.




'S p——

CO-POL

-1 "/ DO,
m ~20..—
o
w
g

-308.
- —
-
.
b
<

s -408. |

X
14
o
Z

—5 3.

P[ caoss POL
-80. I LN I B L
-Iz. -a- -a. - . -2. - . 4. a. a. 10.
ELEVATION ANGLE. DEGREES

Figure 84 Test 8, 7.73 GHz, Overlay, E-Plane, Type 13

99



AMPLITUDE, dB

NORM.

-700

-80@.

-40. |

-50. |—

-88. | —

| l

-30.

-20.

-iuc G¢

AZIMUTH ANGLE,

Figure 85 Test 8, 7.73 GHz, Cross-Pol, H-Plane, Type 14

100

18.  28.

DEGREES

3e.




AMPLITUDE, dB

NORM.

-70-

-88. I [
-38. -28. -1@. 2. 18. 20. 3g.

ELEVATION ANGLE, DEGREES

Figure 86 Test 8, 7.73 GHz, Cross-Pol, E-Plane, Type 15

101



2.

-18.

-28. (.

dB

"'3“. . ﬂ

"40- —

AMPLITUDE,

NORM.
i

-58. L.

1 |

2.
AZIMUTH ANGLE,

Figure 87 Test 8, 7.73 GHz, Cross-Pol, H-Plane, Type 16

102

4. 6.

DEGREES

1..




r
-10. |-
m -2B¢p—
Y
n
S
- "'3.;-
-4
J
a.
=
<
L] -4.—
x
14
(=]
Z
-S8.
—8o. S N 0 DU OO N T VN NS N N

- 1 ﬂ. -8. —8. -4. -2- D. 2. 4, a- a-

ELEVATION ANGLE., DEGREES

Figure 88 Test 8, 7.73 GHz, Cross-Pol, E-Plane, Type 17

103

1@.



LEGEND:
AMPLITUDE SCALING
LIGHTEST -23TO-25dB

4 26 TO -30dB
- 30 TO-40dB
" DARKEST -40 TO -50 dB
w
w
o
a 2.
Q
a
w
o
4 8.
<
4
o
-
< -2.
>
w
-
w
-4,
-8. 2. 2. 4. 8.

AZIMUTH ANGLE, DEGREES

Figure 89 Test 8, 7.73 GHz, Cross-Pol, Contour, Type 18

104




AMPLITUDE, dB

NORM.

-1l
1-—

-2@- b

-38
LR

l 1

| l

-38.

-20.

-IB- B.

AZIMUTH ANGLE,

Figure 90 Test 9, 7.73 GHz, Co-Pol, H-Plane, Type 1

105

18. 20.

DEGREES

38.



dB

AMPLITUDE,

NORM,

-8g. | l l l I |

-38a. -28. -1a. 2. 1@. 20.

ELEVATION ANGLE, DEGREES

Figure 91 Test 9, 7.73 GHz, Co-Pol, E-Plane, Type 2

106




—lmc

T
[ ]
11}
S
.— -amn
pery
d
o
x
<
. —408.
=
14
O
=z

N N (N SN NN AU S N

-18. -16. -14. -12. -10. -B. -8. -4. -2. 0. 2.

AZIMUTH ANGLE, DEGREES

Figure 92 Test 9, 7.73 GHz, Co-Pol, H-Plane, Type 3

107



2.

-18.

m "‘25.
T
n
g
- "3ﬂ.
-
.
o
=
<
. —48.
=
14
o]
b4

-S8.

SN A N NN (N N S N

-1 ﬂ. -a.

"'8. -4. ""2. B- 2- 4- 8- ao 1 n-

ELEVATION ANGLE. DEGREES

Figure 93 Test 9, 7.73 GHz, Co-Pol, E-Plane, Type 4

108




8. Sr—- LEGEND:

DEGREES

ELEVATION ANGLE,

AMPLITUDE SCALING
LIGHTEST 0TO-10dB
10 TO -20dB
4.5 -20TO -30dB
hliagl md DARKEST 30TO -40dB
2.5
.5
°
-1.5]__
-3.5
-5.5 | I
-14.5 =-12.5 -18.5 -8.5 -6.5 -4.5 -2.5

AZIMUTH ANGLE, DEGREES

Figure 94 Test 9, 7.73 GHz, Co-Pol, Contour, Type 5

109



ANGLE, DEGREES

ELEVATION

EEEEEEEEEEEEEEEEEEEE




NORMALIZED LOG
AMPLITUDE. dB

— 2. 28

AL /7//’ 'W‘

- ~15. 208
- -22. 22
- —-2S. 20
- —30. 23

., | // / //‘3///5////////\ Z

/ //

AZIMUTH ANGLE. DEGREES -12. . EL.EVAT ION ANGLE. DEGREES

-14, ~S. S

Figure 96 Test 9, 7.73 GHz, Co-Pol, 3-D, Type 7

111



dB
1
H
N

AMPLITUDE,

-70-

AMPLITUDE

PHASE

|

lea. 288. 300. 428.

ROW NUMBER

Figure 97 Test 9, 7.73 GHz, Co-Pol, H-Plane, Type 8

112

180.

158.

1208.

3e.

|

PHASE




dB
|
I
8

AMPLITUDE,

AMPLITUDE

| '

2. 12a. 208. 308.

COLUMN NUMBER

Figure 98 Test 9, 7.73 GHz, Co-Pol, E-Plane, Type 9

113

488.

l18..

158.

128.

9.

3e.

l
PHASE




B ﬂ
-18. |
CO-POL
-28.
m
U -38.
[ 3
T
S
- =—48.
-4
d
3
< -582.
> 3
o
4 -BB.

CROSS-POL

-82. | |

-38. -28. -18@. 2. 10. 20.

AZIMUTH ANGLE, DEGREES

Figure 99 Test 10, 7.73 GHz, Overlay, H-Plane, Type 10

114




AMPLITUDE, dB

NORM.

I,—— ”

CO-POL
- 1 go -

-Zﬂ- e

- ’,
38. |

"5B. S,

CROSS-POL

-88. | | | ] |

-38. -28. -10. 2. 18. 20.

ELEVATION ANGLE., DEGREES

Figure 100 Test 10, 7.73 GHz, Overlay, E-Plane, Type 11

115




-10.

AMPLITUDE., dB

NORM.

—la. _la. ‘_14. -12.

-28.

-aﬂ- s

CO-POL

B

f\

| M

|

!:ROSS-POL 1 \!r“

I W

bearee

- 1 BI -BI -a. -4. -2. a. 2.

AZIMUTH ANGLE., DEGREES

Figure 101 Test 10, 7.73 GHz, Overlay, H-Plane, Type 12

116




-1B.

% “23-
wf
(=]
2 -3p.
-4
=
a.
x
<
[ _4 "
X
(4
(w]
4
-583.
""BE.

~-1@.

|
|-
1 M\UV] ! J{\.[i\h.l |

-a. -a. "4. —'20 B. 2- 4. 8. ao 1 E-

ELEVATION ANGLE, DEGREES

Figure 102 Test 10, 7.73 GHz, Overlay, E-Plane, Type 13

117



dB

AMPLITUDE,

NORM,

-8 "1 19 I l | | I |
-38. -28. -10. 8. 18. 20.

AZIMUTH ANGLE, DEGREES

Figure 103 Test 10, 7. 73 GHz, Cross-Pol, H-Plane, Type 14

118

3a.



-IBO —
-28.
m
v -3
[}
w
S
- -4B¢
-4
- |
a
> 3
< —5-
> 4
<]
4 -aﬂ.

| | 1 l |

-33. -220 - 1 BI B- 1 B. znc SU-

ELEVATION ANGLE, DEGREES

Figure 104 Test 10, 7.73 GHz, Cross-Pol, E-Plane, Type 15

119



8. —

-Iﬂ. -
o -28.
T
uf
a
P -3l
-4
d
a
=
<
s “43. | ’
4
o
(@] !
z |
-5@, |
-803. l L l l \__A l ! I

-1B. -168. -14. -12. -18. -B. -8. -4. -2. 0.
AZIMUTH ANGLE, DEGREES

Figure 105 Test 10, 7.73 GHz, Cross-Pol, H-Plane, Type 16

120

2.




-lmo S

m -2& .
Y
a
11]
S
= -3¢ —
] !
4
.
=
<
[y -4 e
5 B
®
o
z
—5. s

-62. | | LA

l

-18. -B8. -8. —-4. -2. @. 2. 4. B6.

ELEVATION ANGLE, DEGREES

Figure 106 Test 10, 7.73 GHz, Cross-Pol, E-Plane, Type 17

121

1.



DEGREES

6.5 -

LEGEND:
AMPLITUDE SCALING
LIGHTEST -18TO-25dB

ELEVATION ANGLE,

4, S| 25 TO -30dB
-30 TO -40 dB
DARKEST -40 TO -50 dB
2. 5— gh, ®
*° ‘ s H
it ®
. 5 _ ‘ :::. ::.::: 3 .:“:
i, 3% §0F
b >t
‘ H e ; :
-1. 5 —— ‘
. ®eo
-5.5 l l | [ | |

-14.5 -12.5 -1B.5 -8.5 -8. 5 -4.S -2.5

AZIMUTH ANGLE, DEGREES

Figure 107 Test 10, 7.73 GHz, Cross-Pol, Contour, Type 18

122




dB

-48.

AMPLITUDE,

NORM.

-78.

l ]

l [

-83.
-300

-208.

"'1“- U.

AZIMUTH ANGLE,

Figure 108 Test 11, 7.73 GHz, Co-Pol, H-Plane, Type 1

123

18. 28.

DEGREES

30.



AMPLITUDE, dB

NORM.

"'70.

-80. l | | | |

-38. -20. -10. 8. | no 28.

ELEVATION ANGLE, DEGREES

Figure 109 Test 11, 7.73 GHz, Co-Pol, E-Plane, Type 2

124

38.




-18.
m "'ZE.
)
L ]
w
9
- -3 0.
-4
.
.
X
<
. -420
X
14
=]
b4

~-80.

L)

S NN S NS | N |

J

"'18. -lao "14- ""12. -10. -B. “'B. "’40 -20 B-

AZIMUTH ANGLE, DEGREES

Figure 110 Test 11, 7.73 GHz, Co-Pol, H-Plane, Type 3

125




!
N N I NN N B

- 1 - s
-28.
m
o B
: i
e ?
pus |
'- _38- —
[ o]
J
a
=
<
s _4m0 —
=
(14
(=]
4
—5 3.
-80.
-18.

-8. -6. -4. -2. 0. 2. 4.

6. B. 1.

ELEVATION ANGLE. DEGREES

Figure 111 Test 11, 7.73 GHz, Co-Pol, E-Plane, Type 4

126




LEGEND:
AMPLITUDE SCALING

8. — LIGHTEST 0TO-10dB
10 TO -20 dB
.20 TO -30 dB
P @ DARKEST -30TO-40dB
4, | ® °
0
W Y
& ’ i
@ a2l n, LG
5 \’i ) ®
ul i f PN
a R
z B2 [ A 7 0
NN ), e
Z A
o st ‘
- i 's i
< -2. _— sste g
>
4
"'4. )
’ &
® .

-14, -12. -18. -8. -8. -4, -2.
AZIMUTH ANGLE, DEGREES

Figure 112 Test 11, 7.73 GHz, Co-Pol, Contour, Type 5

127



ELEVATION ANGLE., DEGREES

| I A R |
1> @ P ¢ B M @R

AZIMUTH ANGLE., DEGREES




NORMALIZED LOG
AMPLITUDE. B

.

L N

ﬁ/

- , /,/ )

L. ~40. 22
-2, B

AZIMUTH ANGLE. DEGREES -i2. 0 : . ELEVATION ANGLE. DEGREES

-14. 8 -6.0

Figure 114 Test 11, 7.73 GHz, Co-Pol, 3-D, Type 7

129



AMPLITUDE

dB
|
o

8

PHASE

AMPLITUDE,

—700

-88. 1 |

2. 120. 200. 328.

ROW NUMBER

Figure 115 Test 11, 7.73 GHz, Co-Pol, H-Plane, Type 8

130

400.

188.

158.

128.

ge.

3e.

-30.

-128.

-1500

-188.

1 1 1 |
PHASE







8. — n
~18. — CO-POL
-20- e
m
v -30. |
ul
Q
2 -4B. |
-4
J
<
< -58.
5]
4 -eac
-7B¢
CROSS-POL
-aﬂ. "20- - 1 zo U- an.

AZIMUTH ANGLE, DEGREES

Figure 117 Test 12, 7.73 GHz, Overlay, H-Plane, Type 10

132




-10. co-POL

dB

NORM. AMPLITUDE,

CROSS-POL

—ea. ‘zk 1 T |

-3a. -28. -108. 2. i18. 28. 36.

ELEVATION ANGLE, DEGREES

Figure 118 Test 12, 7.73 GHs, Overlay, E-Plane, Type 11

133




-18.

m -2ﬂ.
o
ui
(@]

a -3 0.
-
-
0.
=
<

s —400
x
x
(@]
Z

-50.

-80.

l

CO-POL

CROSS-POL

f
WY L]

-18. -18. -14. -12. -10. -8. -68. -4. -2. B. 2.

AZIMUTH ANGLE, DEGREES

Figure 119 Test 12, 7.73 GHz, Overlay, H-Plane, Type 12

134




a.

"20. S
g .
n
a
a -'3“- —
-
o
Q.
=
<
« —48.
X
o]
g !

-58. g / CROSS-POL

!
s‘l\[ |
-B88. —_— |
-18. -B. -8. -4, -2. a. 2. 4, 8.
ELEVATION ANGLE, DEGREES

Figure 120 Test 12, 7.73 GHz, Overlay, E-Plane, Type 13

135

1@.




-100 pro—
-za‘ p—

% -38. |

[ ]

w

S

[ -40. —

-

=l

>

< -5. —

b 3

&

4 -Bﬂ.
-70

Figure 121 Test 12, 7.73 GHz, Cross-Pol, H-Plane, Type 14

il |
ol mL 1)

]

-Zﬂ.

AZIMUTH ANGLE,

136

-12. 2. 10, 2

DEGREES

i



-100 ..

-28. |

NORM.
|
o
&

"30-

AMPLITUDE, dB
|
F'S
8
|

]xl i

-20-

| |
-18. 2. 18. 28.
ELEVATION ANGLE, DEGREES

Figure 122 Test 12, 7.73 GHz, Cross-Pol, E-Plane, Type 15

137

I “Mu‘

3e.



-18.

m -200
v
8
w
S
- -sm.
-
- |
.
b 1
<
[ - 4m.
=
14
]
b4

-55.

7| I |

I

-18. -150 -140 -120 "lﬂ. "'5- -8.

AZIMUTH ANGLE.

Figure 123 Test 12, 7.73 GHz, Cross-Pol, H-Plane, Type 16

138

-4, -2.

DEGREES

2.



-1@. |
m “23- e
]
uf
Q H
P -3@.i
-
4 ;
a
=
<
« —48. i .
>
(4
o
Zz
-5. baaens
-6@. L1 L ] | 1 ]

et 1 m. -a. -a. -4- .-2‘ z‘ 2. 4. 6. a.

ELEVATION ANGLE. DEGREES

Figure 124 Test 12, 7.73 GHz, Cross-Pol, E-Plane, Type 17

139

18.



4.

2.

ELEVATION ANGLE, DEGREES

-14.

LEGEND:
AMPLITUDE SCALING

LIGHTEST -18TO-25dB
-25 TO -30 dB
-30 TO -40 dB
DARKEST -40TO-50dB

l I I | l |

-3 20 "'10. -e. -an -4, -20

AZIMUTH ANGLE, DEGREES

Figure 125 Test 12, 7.73 GHz, Cross-Pol, Contour, Type 18

140




5.0

5.1

DIAGNOSTICS

In addition to generating far-field patterns, the NFTL also analyzed
the antenna patterns. This analysis aided in isolating the performance
of different components of antenna performance. These components in-
clude the feed, electrical surface of the dish, and focusing of the an-
tenna. In order to accomplish this analysis, NFTL developed some fun-
damental mathematical tools originating from and based on Maxwell's
equations. Foremost of these tools, the reconstitution of sources from
the far-field found constant use in isolating the determining factors
of antenna performance. (See the method described in Ref 1.) This
source-reconstitution method bends the far-field phase by a phase taper
without changing the amplitude. Unless a source exists that radiates
into the front hemisphere between the collection plane and the pro-
jected plane (which is distance "d" below the collection plane), a
transformation from the far- to near-field using the inverse FFT will
produce the lower plane. If a source radiating into the front hemi-
sphere does exist between these two planes, then the NFTL can remove
this source using boundary conditions in the region of the source.
After removal of the sources, the processing can then continue, using
the Fourier transform, until it reconstructs the aperture fields. The
aperture fields can then show how the feed illuminated the reflector,
the quality of the dish surface, and the accuracy of focusing the
reflector.

DIRECT FEED RADIATION

Tests 1-4 used microstrip patch array designs as feeds. This type of
feed has a tendency to produce high grating lobes. Figure 126 shows
the near-field amplitude contour at 4.26 GHz using this feed design,
and Figure 127 shows this energy projected down 55 in. to the plane of
the feed. 1In Figure 128, an amplitude plot shows these sources iso-
lated in space by a null of more than 30 dB, and shows that the direct
radiation converged to a very small high-level source. Although this
source has no direct effect on the aperture pattern (as Figures 129 and
130 show), the direct radiation can cause problems when other RF hard-
ware, not protected from electrical interference, 1is located near the
radiating feed. A simple way to reduce the direct radiation of the
feed might require enclosing the feed inside a conductor. This would
diffuse the direct radiation while changing the aperture illumination
only slightly. Figure 131 shows the effect of blocking the direct ra-
diation source.

Since, for the direct radiation, the scanner collected data at approxi-
mately 55 in. away from its source, the power levels for Figure 131 ap-
proach the level for the reflector cross-pol peak radiation. However,
the polarization of these fields may differ because of the actual re-
sponse of the probe. The probe used at the NFTL, an open—ended wave-
guide with a low VSWR waveguide-to-coax adapter, has an excellent
linear polarization with a low cross-pol near boresight; therefore, it
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5.2

is a close approximation of an ideal probe. When the probe measures
fields such as those in Figure 130, the linear polarization of the
probe no longer orients with azimuth elevation components; therefore,
the field magnitude may vary 3 dB from the actual level plotted. How-
ever, at the levels and angles shown, the critical radiation source in
satellite applications would normally be located on the satellite;
therefore, this antenna could have high susceptability to the low~level
satellite radiation in the configuration used at the NFTL even though
boresight performance is excellent.

ELECTRICAL MAPPING OF THE APERTURE

With the aperture reconstitution method the electrical fields measured
in the near-field scan plane can be projected to a plane slightly above
the surface. The reflector surface error then correlates with the
phase measurements in this plane. Because of the short distance re-
maining between the surface and the plane containing the phase front,
the electrical phase front differs from that of a plane wave over the
aperture only as a result of feed defocusing or surface errors directly
below the plane. Therefore, if the antenna has a properly focused
feed, the surface deviation from a parabola must dominate the phase
front's nonplanarity. In this way, the electrical phase map of the
aperture becomes equivalent to a plot of surface deviation when scaled
to the wavelength of the test. Figure 132 shows a map of the electri-
cal phase over the aperture. This map has equated phase and surface by
wavelength. Note that when a reflector becomes part of the antenna,
surface errors in the reflector cause twice the shift in phase because
the path lengths both to and from the reflector change. The plot in
Figure 132 shows that the surface deviation becomes greater than 70
mils (up to 159 mils) in several large areas of the reflector, the im-
portant regions being located near the center of the reflector. While
these areas may not affect the surface rms because they do not cover a
large area, they do dramatically affect the far-field pattern. These
surface deviations cause a marked increase in the sidelobes of the an-
tenna when a highly tapered feed illuminates the reflector.

These surface distortions, because of their central location in the re-
flector, make electrical focusing of the antenna difficult. Normally,
the NFTL focuses antennas by checking the near-field scans for quadra-
tic phase errors. Because of this antenna's high f/d, the electrical
measurements made at approximately 300 in. from the aperture sometimes
yielded misleading results. Even though lateral displacement of the
feed for this antenna remained easy to check, axial mispositioning of
the feed became difficult to separate from the surface deviations, be-
cause a quadratic phase error of only 0.07 wavelengths across the aper-
ture results from an axial mispositioning of one wavelength. There-
fore, to accurately focus the antenna, the NFTL had to project the
near-field measurement back to the aperture, and even this method only
allowed axial focusing accuracy of one inch because surface deviations
then began to exceed the effects of quadratic phase error. However,
while we could not focus the antenna better electrically, this level of
axial defocusing represents less than 0.1 dB in gain loss at 7.73 GHz
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and has virtually no effect on the antenna pattern, either cross—- or
co-pol. Even the gain loss of this level of defocusing remains less
than that caused by the surface; the surface loss exceeds 0.3 dB ac-—
cording to the photometric data.

According to metric camera data taken during earlier tests at GDC, the
surface had a 13-mil rms roughness as compared to the 30-mil rms now
measured. T1f the effect of the surface deviation on the present aper-
ture phase data is decreased approximately 45%, the result is an
approximation of the antenna performance when it had the better surface
rms roughness. Figure 133 shows a computed far-field pattern at 7.73

GHz resulting from the approximation. Notice that the highest sidelobe
now appears at -30 dB. Gain has improved 0.6 dB, implying that the
aperture illumination changed the effective surface losses substantially
from the measured rms value. This additional loss, which scales with
frequency, must arise from systematic surface errors rather than from the
random errors described by surface rms. The errors do cause dramatic
changes in the amplitude distribution at the near-field, as shown by
comparison of Figures 134 and 135. Changes this pronounced in the ampli-
tude distribution will have a major impact on the gain of the antenna.

SEAM EFFECTS OF THE REFLECTOR

Figure 136 shows in a contour format the effect that we had noticed in
previous H-plane plots at 7.73 GHz and 11.60 GHz. To ensure that this
effect arose only from the antenna, the same test was done with the an-
tenna rotated 15° to the scanner. Figure 137 shows the results. After
some analysis, the data showed that the source of this broad sidelobe
could only occur on the reflector surface. Not only did the effect oc-
cur on the reflector, it was also approximately the same width as the
reflector diameter. Only two structures on the reflector measure 200
in. long with the narrow width to create sidelobes to 40°. These
structures, the seam in the mesh across the center of the reflector and
the truss underneath the reflector, satisfy the geometry required for
this source. However, it seems more likely that this high-sidelobe
region arises from the seam discontinuity in the surface because the
mesh has low transmission characteristics and because transmission has
to occur through the mesh twice for any reflections below the mesh to
appear in the far-field pattern. In order for the seam to produce this
sidelobe effect, it would have to cause a step change in the phase over
the seam that corresponded to approximately 0.15% of the total field
power. This percentage approaches the amount of power received by the
reflector over the region of the seam.

This seam effect does not occur in the cross-pol envelope. This proba-
bly means that the effect has direct correlation to the aperture illum-
ination. Because the cross-pol illumination approaches a null over the
antenna seam, the fields incident on the seam having a cross-pol orien-
tation will not have any effect on the far-field.
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DEFOCUSING EFFECTS OF STEERING

Figure 138 shows the major problem involved in steering parabolic an-
tennas by moving the feed. The plotted phase front shows a cubic phase
error caused by steering the antenna 8° in the H-plane. This distor-
tion shows an apparent phase bow of almost a wavelength across the
aperture. This phase front nonplanarity will easily cause most of the
degradation seen in the far-field patterns of Tests 11 and 12. To re-
duce this phase error significantly, the use of an adaptive feed to
compensate for the phase errors seen at the aperture, while a complex
design problem, seems the most likely way to improve the steered anten-
na pattern under the current geometric configuration.
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6.0

SUMMARY AND CONCLUSIONS

The GDC antenna has a high efficiency (gain compared to directivity)
because of its offset design. The major losses that influenced the an-
tenna gain (surface errors, feed losses, and aperture taper) never
cause more than 5 dB total loss. Table 4 states the gain of the anten-
na for each of the feeds used. The large loss associated with the
steered tests arose from a cubic phase error of over 180° caused by the
large steering angle. Otherwise, the gains approached expected levels
for an antenna of this size.

Table 4 Measured Antenna Performance Parameters

Test Frequency, Peak First Half-Power Beamwidth
Number GHz Gain, dB Sidelobe, dB E-Plane, ° H-Plane,

1 4,26 42,50 =24 0.99 1.01

2 4,26 20.30 - - -

3 2.27 36.54 -28 2,04 1.85

4 2,27 12,32 - - -

5 11.60 51.40 -19 0.46 0.38

6 11.60 27.25 - - -

7 7.73 49,24 =22 0.64 0.54

8 7.73 25,20 - - -

9% 7.73 44,90 -18 0.86 0.80
10* 7.73 25,90 - - -

11** 7.73 45,60 -19 0.83 0.77
12%* 7.73 25,10 - - -

*Steered

**Steered and pointed

The sidelobe performance of the antenna, exceptional for the deployable
reflector, demonstrated that a high—-quality mesh surface can be main-
tained after several deployments. Although the surface did not meet
the initial design prediction for accuracy, the levels it achieved
showed that with minor design modification of components, notably the
surface control cords, the surface might easily maintain a 15-mil rms
or better after repeated deployments. The peak sidelobes, because of
the 30-mil rms, never did exceed -19 dB even at 11.60 GHz, and de-
creased in proportion to frequency as Table 4 shows. This implies that
the design could perform well even in Ku-band.

The surface control used by this reflector differed significantly from
the 15-Meter Hoop Column Antenna. The cords used to tension the sur-
face had an average spacing of approximately 4 in. shown by the grating
lobes appearing in the electrical measurements. However, these grating
lobes appeared at a much lower level than the ones for the 15-Meter
Hoop Column Antenna because of the aperiodic control cord spacing, and
the smaller spacing reduced the surface errors of pillowing.
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The system used to implement surface control on this antenna involved
much more complexity than that used for the 15-Meter Hoop Column Anten-
na, because over 1000 cords must be set individually to adjust the sur-
face as compared to the 96 cords of the 15-Meter Hoop Column Antenna.
Metric camera measurements were performed to check surface trueness,
which is a function of the cord setting. These metric camera measure-
ments determined that the surface apparently had approximately 30-mils
rms when photographed at the NFTL. The surface was not adjusted (as it
was for the Hoop Column Antenna) since the control cords were already
locked down for the GDC antenna.

The metric camera measurements also correlated well with phase measure-
ments of the antenna aperture, showing that for this type of antenna,
design data obtained by surface measurements aid in predicting the
electrical performance of the antemna. Although the metric camera data
and theodolite data allow the prediction of secondary patterns that
agree with the measured data, they can often miss features of the re-
flector pattern because of the sparseness of targets on the reflector
surface. For this reflector, the seam effect and grating lobes are two
examples of features not predicted by metric camera measurement data.
Therefore, one major conclusion of this program was that electrical
measurements will always yield important information on an antenna,
even on one with an unblocked reflector such as the 5-Meter Tetrahedral
Truss.
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